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Cytological observations of the mitotic chromosomes of Dryopteris formosana and D. varia (Dryopter¬ 
idaceae) in Taiwan are reported. Only the triploid apogamous cytotype has been reported from D. formo¬ 
sana. This is the first report of a diploid sexual type of D. formosana. Counts of spore numbers per spo¬ 
rangium of herbarium specimens to presume the reproductive mode in these two species revealed that 
both sexual and apogamous types of D. formosana and D. varia are widely distributed in Taiwan. Al¬ 
though the sexual type of D. formosana occurs at relatively lower elevations than the apogamous type, 
such differentiation between cytotypes was not observed in D. varia. It is important to understand dip¬ 
loid sexual types to be able to explain variation in apogamous species, because sexual cytotypes should 
be the source of the variation observed in apogamous cytotypes. 

Key words: apogamy, sexual cytotype, Dryopteridaceae, Dryopteris formosana , Dryopteris varia , re¬ 
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Dryopteris formosana (Christ) C. Christensen 
(Dryopteridaceae) occurs in China, Japan, and 
Taiwan (Iwatsuki 1995, Zhang et al. 2013, Knapp 
2014) and has been considered to be apogamous. 
Most previous cytological studies reported it to 
be an apogamous triploid (Kurita 1967, Hira- 
bayashi 1969, 1974, Tsai 1973). Nakato (1987), 
however, reported a tetraploid cytotype, although 
its reproductive mode was unknown. Thus far, a 
sexual type of D. formosana has not been report¬ 
ed. 

Similarly, diploid and triploid apogamous 
types of Dryopteris varia (L.) Kuntze, which oc¬ 
curs in eastern Asia, were reported in China and 
Japan (diploid: Hirabayashi 1966, 1967, 1974; 
triploid: Gibby 1985, Hirabayashi 1970, Lin et al. 
2002, 2003, Mitui 1966, 1968, Nakato et al. 1995, 
Weng 1989). Tsai & Shieh (1975, 1985) reported a 


tetraploid sexual type from Taiwan, but the report 
is unreliable because no voucher specimen or 
photos of chromosomes were presented in their 
report. Ebihara et al. (2014) recently reported a 
diploid sexual type of D. varia in two localities in 
northern Taiwan. 

In the present study, we discovered a new dip¬ 
loid sexual type of Dryopteris formosana in Tai¬ 
wan. Moreover, we updated the distribution in¬ 
formation of the sexual and apogamous types of 
D. formosana and D. varia in Taiwan, mainly by 
counting the number of spores per sporangium in 
herbarium specimens of the two species. 

Materials and Methods 

Plant Materials 

Five living plants and three leaf samples of 
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Dryopteris formosana were collected at three lo¬ 
calities, Mt. Alishan and Mt. Chihtan in Taiwan 
between June 30 and July 2, 2014 (Appendix 1). 
Cytological observations and analyses of the ploi- 
dy level were performed on all five living indi¬ 
viduals. Voucher specimens have been deposited 
in the Makino Herbarium (MAK), Tokyo Metro¬ 
politan University and in the herbarium of the 
Taiwan Forestry Research Institute (TAIF). 

To determine the reproductive mode, 42 and 
51 sheets of herbarium specimens with inde- 
hisced sporangia from approximately 330 and 
400 sheets of Dryopteris formosana and D. var- 
ia , respectively, in the herbaria of TAIF and the 
National Museum of Nature and Science (TNS) 
were investigated. 

Cytological observation and estimation of repro¬ 
ductive mode 

To observe mitotic chromosomes, root tips 
were pretreated with 0.004 M 8-hydroxyquino- 
line for 7 hrs at approximately 17-20°C. After 
fixation in ethanol and acetic acid (3:1) for 15- 
30 min, the root tips were hydrolyzed in 1 N HC1 
and 45% acetic acid (1:1) at 60°C for 10 min and 
then squashed in 2% aceto-orcein solution. The 
chromosomes were observed under a Leica 
DM2500 microscope and photographed using a 
Leica Application Suite LAS ver 4.4 digital cam¬ 
era. 

To estimate the reproductive mode of each 
herbarium specimen, the number of spores in 
each sporangium was counted. We examined at 
least five sporangia with normal spores from each 
specimen. We estimated samples with 64 spores 
to be sexually reproductive; plants with 32 spores 
per sporangium were estimated it to be apoga- 
mous (Manton 1950). 

Ploidy analyses 

Methods of ploidy analyses using flow cytom¬ 
etry followed Hori et al. (2014). To determine 
ploidy level, the DNA content (2C value) of each 
nucleus extracted from fresh pinnae was mea¬ 
sured using a CyFlow Ploidy Analyzer PA-II 
(Partec, Munster, Germany) and the CyStain UV 
Precise P kit (Partec). Approximately 100 mm 2 of 


a segment of pinna was torn into several pieces 
and finely chopped with a razor blade into 
0.25 mL of nucleus extraction buffer from the kit. 
Subsequently, 0.8 mL of staining solution from 
the kit was added to the chopped tissue. The 
crushed tissue and buffers were filtered through a 
30-pm nylon mesh (Partec). Sections of fresh leaf 
tissue of Nicotiana tabacum L. (approximately 
25 mm 2 ) were used as internal standards. 

Results 

Ploidy and reproductive mode 

The mitotic metaphase chromosome number 
in four individuals of Dryopteris formosana 
{Hori 1394,1409,1413 , and 1414) was In = 82; the 
number of spores per sporangium in these sam¬ 
ples was 64 (Fig. la). The base chromosome num¬ 
ber of Dryopteris is x = 41. Accordingly, the 
plants from which these samples were obtained 
were determined to be sexual diploids. A photo¬ 
graph and a diagrammatic drawing of one indi¬ 
vidual {Hori 1409) are shown in Fig. 2. 

The metaphase chromosome number of the 
remaining sample {Hori 1412) was 2 n = 123 (Fig. 
3), and the number of spores was 32 spores per 
sporangium (Fig. lb). This sample was deter¬ 
mined to be an apogamous triploid. 

The DNA content of diploid sexual individu¬ 
als of Dryopteris formosana was 1.31-1.46 times 
that of the internal standard {Nicotiana tabacum) 
in our ploidy analyses. Considering that the DNA 
content (2C value) of N. tabacum is approximate¬ 
ly 11.7 pg (Narayan 1987), the DNA content of 
Hori 1394,1409, 1413, and 1414 was estimated to 
be approximately 15.4-17.1 pg/nucleus. In con¬ 
trast, the genome size of the triploid apogamous 
individual of D. formosana was 2.1 times that of 
the internal standard {N. tabacum) and was thus 
estimated to be 24.9 pg/nucleus. 

Reproductive mode of herbarium specimens ex¬ 
amined and geographical distribution of the two 
cytotypes 

The number of spores per sporangium was 
determined from 42 specimens of Dryopteris for¬ 
mosana. Among them, 21 specimens had 64 
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Fig. 1. Photograph of spores in sporangium of diploid sexual (a. Hori 1409 ) and triploid apogamous (b. Hori 1412 ) individuals 
of Dryopteris formosana. 



Fig. 2. Photograph (a) and illustration of a (b) of mitotic metaphase chromosomes of diploid sexual individual of Dryopteris 
formosana {Hori 1409). 2n =82. 



Fig. 3. Photograph (a) and illustration of a (b) of mitotic metaphase chromosomes of triploid apogamous individual of Dryopter¬ 
is formosana {Hori 1412). In =123. 
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spores per sporangium while 21 had 32 spores per 
sporangium (Appendix 1). For D. varia , 31 speci¬ 
mens had 64 spores per sporangium, whereas 20 
specimens had 32 spores per sporangium (Ap¬ 
pendix 2). They were therefore estimated to be 
sexual and apogamous cytotypes, respectively. 

Based on the origin of the specimens, the geo¬ 
graphical distribution of the sexual and apoga¬ 
mous types of Dryopteris formosana and D. var¬ 
ia in Twain were mapped (Fig. 4). Latitude and 
longitude could be estimated for only 33 and 49 
localities of D. formosana and D. varia , respec¬ 


tively (Appendix 1, 2). Based on the localities, the 
elevation was evaluated for 20 and 23 of the col¬ 
lections of D. formosana and D. varia , respec¬ 
tively. The apogamous and sexual types of D. for¬ 
mosana were widely distributed in Taiwan. How¬ 
ever, the sexual type of D. formosana was also 
distributed at lower elevations, 0-1,000 m (Fig. 5, 
p-v alue of f-test = 0.370,/>-value of t-test = 0.031). 
The apogamous plants of D. varia were distrib¬ 
uted over an elevation range similar to that of the 
conspecific sexual type (Fig. 6, p-w alue of f- 
test = 0.090, />-value of t-test = 0.288). 



D. formosana 



Fig. 4. Distribution of apogamous and sexual types of Dryopteris formosana (left) and D. varia (right) based on spore counts 
from herbarium specimens. Black circle, sexual type; white triangle, apogamous type. Scale bars = 90 km. 
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Fig. 5. Scatter chart of reproductive mode and elevation in 
Dryopteris formosana. 


Discussion 

Knowledge of the diploid sexual types are 
keys for understanding the origin of morphologi¬ 
cal and genetic variation in the apogamous spe¬ 
cies of Dryopteris subg. Erythrovariae sections 
Erythrovariae and Variae , because these two sec¬ 
tions have been suggested to have experienced 
complicated reticulate evolution through hybrid¬ 
ization between diploid sexual and diploid/trip- 
loid apogamous species/types (Lee & Park 2013, 
Hori et al. 2014). In fact, diploid sexual D. varia 
was shown to be involved in reticulate evolution 
in apogamous D. pacifica and D. sacrosancta, 
which are members of the D. varia complex (Lee 
& Park 2013, Hori et al. 2014). 

Triploid apogamous Dryopteris formosana 



Fig. 6. Scatter chart of reproductive mode and elevation in 
Dryopteris varia. 


and D. varia might be of autoploid origin because 
significant morphological differences between 
the apogamous and sexual cytotypes were not ob¬ 
served in either species (Fig. 7, 8). 

In angiosperms, sexually reproducing cyto¬ 
types usually occur at lower elevations than their 
apogamous relatives (Bierzychudek 1985, 
Horandl 2006). The sexual Asplenium unilaterale 
Lam. (Aspleniaceae) has also been reported to 
occur in more southern areas (Murakami & Iwat- 
suki 1983). The sexual diploid, Pteris fauriei Hi- 
eron. (Pteridaceae) occurs in warmer habitats 
than the apogamous triploid type (Huang et. al. 
2007). Dryopteris caudipinna Nakai (a diploid 
sexual species) occurs in more southern areas 
than D. erythrosora (D.C. Eaton ) Kuntze, which 
is a triploid apogamous species closely related to 
D. caudipinna (Yamamoto et al. 2010). Hori et al. 




28 


Acta Phytotax. Geobot. 


Vol. 68 



Sexual (TAIF 387902) ~Apogamous(TAIF 363146) 

Fig. 7. Gross morphology of sexual ( TAIF 387902 ) and apogamous ( TAIF 363146 ) Dryopteris formosana from Taiwan. 



Sexual (TAS 01116779) Apogamous (TAIF 418736) 


Fig. 8. Gross morphology of sexual (TNS 01116779) and apogamous ( TAIF 418736 ) Dryopteris varia from Taiwan. 
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(2015) demonstrated that sexual D. chinensis 
(Baker) Koidz. occurs in narrower, more south¬ 
ern areas than its apogamous relatives. However, 
there are a few exceptions as well. Tanaka et al. 
(2014) analyzed the elevation of various apoga¬ 
mous ferns in central Japan, and suggested that 
apogamous ferns become diminished at higher 
latitudes and elevations than sexual relatives. In 
the present study, sexual plants of D. formosana 
were found to be distributed at lower elevations 
than apogamous plants in Taiwan, whereas sexu¬ 
al and apogamous plants of D. varia were distrib¬ 
uted over a similar elevations. Future research 
will require the identification of other environ¬ 
mental factors determining the distribution pat¬ 
tern of apogamous and sexual types of D. varia. 

This study was partly supported by a Grant-in-Aid for 
JSPS Fellows No. 26-1720 for K. H. and by a Grant-in-Aid 
for Scientific Research No. 25291089 for N. M. 
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